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CARLOS ‘R. OLARTE, mayor de edad y vecino de Bogota, D.C., identificado como aparece al
pie de mi firma, en mi condicién de apoderado de la sociedad solicitante, y dentro del término
legal previsto por el articulo 76 del codigo de Procedimiento Administrativo y de lo Contencioso
Administrativo, me permito interponer RECURSO DE REPOSICION en contra de la Resolucion
No. 61492, notificada por edicto desfijado el 21 de noviembre de 2014,

1. ANTECEDENTES

1.1 Lasolicitud de patente ventilada en este expediente fue presentada el 19 de abril de 2013,
como divisional de la solicitud N° 09-000.752, con un Capitulo Reivindicatorio que constaba de

25 reivindicaciones.

1.2 La Superintendencia de Industria y Comercio (SIC) emitié la resolucion No. 40558
notificado por fijacion en la lista No. 028 del 16 de julio del 2013, objetando que ésta

correspondia a una ampliacion de la materia de la solicitud original
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1.3. La Superintendencia de Industria y Comercio (SIC) emiti6 la resolucion No. 73413
notificado por fijacion en la lista No. 048 del 03 de diciembre del 2013, en donde la SIC resolvi6

revocar la decision contenida en la Resolucion No. 40558.

1.4. La Superintendencia de Industria y Comercio (SIC) emitid el primer examen de fondo
notificado por fijacion en la lista No. 017 del 29 de abril de 2014, correspondiente al oficio No.

4789, objetando la claridad y el nivel inventivo de la presente invencion.

1.5. Mediante escrito radicado el 27 de agosto de 2014, respondi oportunamente el.
requerimiento formulado por la SIC, oportunidad en la que presenté un Capitulo Reivindicatorio
Modificado con 17 reivindicaciones (junto con el recibo de pago correspondiente a 7

reivindicaciones adicionales), en donde proporcioné argumentos en favor de la claridad, y nivel

inventivo.

1.6.  La SIC por medio de la Resolucion No. 61492, notificada por edicto desfijado el 21 de

noviembre de 2014, niega las Reivindicaciones 1 a 17 por supuesta falta de nivel inventivo.

2. OBJETO DEL RECURSO

Que se revoque la resolucion recurrida, y en su lugar se conceda el privilegio de patente de

invencion para las reivindicaciones contenidas en el Capitulo Reivindicatorio Modificado

adjunto al presente Recurso de Reposicion, o en su defecto aquellas reivindicaciones que el

Despacho considere cumplen con los requisitos de patentabilidad.

3. FUNDAMENTO DEL RECURSO

Con referencia a los argumentos presentados por la SIC para desvirtuar el nivel inventivo de la

presente solicitud en la resolucién aqui recurrida, respetuosamente difiero del analisis expuesto,

y procedo a refutar cada uno de dichos argumentos, exponiendo las motivaciones técnicas que

desvirtuan la posicion de ese Despacho.

3.1  En primer lugar, con el 4nimo de brindar mayor claridad a la presente solicitud, me

permito adjuntaf un Capitulo Reivindicatorio Modificade, que reemplaza en su totalidad al

Capitulo Reivindicatorio Modificado presentado el 27 de agosto de 2014 en respuesta al primer y

unico examen de fondo.

Asi entonces, el Capitulo Reivindicatorio Modificado contiene los siguientes cambios:
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- se incluyeron las nuevas Reivindicaciones 15 y 16 que corresponden a

composiciones en donde se especifican los ingredientes y proporciones de los

mismos, que encuentran soporte en los Ejemplos 5 y 6 del Capitulo Descriptivo;

y en donde:

o

La cantidad de 0.4-0.6 mg de tetrahidrofolato encuentra sustento en la
reivindicacién 39 de la solicitud parenteral en su version originalmente
presentada. El sustento para la cantidad de drospirenona y de
etinilestradiol se encuentra en la reivindicacién 38 de la solicitud
parenteral;

Las cantidades reivindicadas de lactosa monohidrato y MCC encuentran
sustento en las reivindicaciones 40 y 41 de la solicitud parenteral;

En estas dos nuevas reivindicaciones se especificaron las cantidades de
hidroxipropilcelulosa (HPC), croscarmelosa sodica y esterato de
magnesio;

La cantidad reivindicada de HPC (0.8-2,4 mg) encuentra sustento en el
segundo pérrafo de la pagina 23 del Capitulo Descriptivo. Al respecto,
cabe destacar que para una tableta de 80 mg, la cantidad preferida es de
1-3% HPC, lo cual corresponde a 0.8-2.4 mg;

El sustento para la cantidad de croscarmelosa sodica (0.8 — 3.2 mg) se
encuentra al final del primer parrafo de la pagina 25 del Capitulo
Descriptivo. Al respecto, cabe destacar que para una tableta de 80 mg, la
cantidad preferida de croscarmelosa sédica es de 1-4% HPC, lo cual
corresponde a 0.8 — 3.2 mg;

El sustento para la cantidad de estearato de magnesio (0.8 — 2.4 mg) se
encuentra en el segundo parrafo de la pagina 24 del Capitulo Descriptivo.
Al respecto, cabe destacar que para una tableta de 80 mg, la cantidad
preferida de estearato de magnesio es de 1-3% HPC, lo cual corresponde
a0.8-2.4mg.

Valga anotar que las modificaciones efectuadas al Capitulo Reivindicatorio cumplen a cabalidad

con lo estipulado en el Articulo 34 de la Decision 486, ya que éstas de ninguna manera implican

una ampliacién de la proteccién correspondiente a la divulgacién contenida en la solicitud

inicial.

32 a- El Despacho sefiala que W09953910 (D1) y US5916593 (D3) afectan el nivel

inventivo de la presente invencién sobre la Reivindicacion 1 (y sus dependientes), asi como la

Reivindicacion 15.
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1) El Despacho argumenta que D1 da a conocer composiciones farmaceuticas
que contienen 4cido folico junto con un anticonceptivo oral o una composicion de reemplazo
hormonal, asi como la administracién del acido folico y un sistema de administracion de
farmacos utiles para administrar composiciones farmacéuticas. D3 divulga un proceso de
fabricacion de unidades de dosificacién farmacéutica que comprenden al menos desogestrel o
Org 30659, presente en una cantidad de aproximadamente 0.005 a 1.0% en peso de cada unidad

de dosificacion, en donde el activo y los excipientes se mezclan con agua y se granulan.

La SIC presenta el siguiente cuadro comparativo entre las caracteristicas esenciales de la

presente invencion frente a D1 y D3:

Tabla 1
Caracteristicas esenciales D1 D3
Reivl
Forma dosificacion solida Forma dosificacion sdlida Forma dosificacién sdlida
{resumners, Ej. 13 y renirdicaciones) {Cols. 128}
Acido 5-mett(6S)-THE o su sal Acido folico No menciona
(resamen, Ej. 13 y redndicaiones)

Granuios que contenen: Tabletas que contienen: Grénulos que conienen:
Drosperinona Progesterana Desogestrel
(Progestageno) {Progestageno) (Progestageno)

{Pag. 9, livwas 20 a 31) (CAl. 1. tiwas 41 a 49)
Celulosa nvcrocristalina tactosa Celulosa microcristalina
(relleno) {refleno) {reflenc)
{P4g 16, lrmm: 0; mmﬁxgg Es 1aldy (e, 3, lineas 4 y 50)
Efecto: o Efecto: Efecto:
Anticonceptivo Anticonceptivo Articonceptivo

A partir de su comparacion, la SIC afirma que la diferencia entre la presente invencion y D1
consiste en que la composicion de la presente invencién contiene celulosa microcristalina como
agente de relleno, no obstante, no hay evidencia técnica que demuestre un efecto técnico

diferente para la composicion de la presente invencion frente a la composicion de D1.

Asi, el problema técnico que resuelve la presente solicitud es “cémo modificar la dosificacion
solida conocida en el documento D1 para proporcionar otra forma de dosificacion sélida
anticonceptiva alternativa”. Por lo tanto, en vista que D3 divulga una forma de dosificacion
solida formada con granulos que contienen desogestrel y celulosa microcristalina, la persona
medianamente versada en la materia incluiria la celulosa microcristalina divulgada en D3 en la

composicién de D1, llegando a la presente invencion de manera obvia.
El Despacho considera que lo divulgado en la Tabla 1, pagina 51, pagina 53 y el Ejemplo 5 no

estan asociados a alguna de las caracteristicas técnicas reivindicadas, y que dichas condiciones y

caracteristicas alli divulgadas con conocidas por la persona medianamente versada en la materia
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segun Aulton'. Adicionalmente, la SIC sefiala que el sustento del Ejemplo 1 es irrelevante ya

que éste no tiene relacion con la materia Reivindicada

i1) El Despacho agrega que la Reivindicacién 15 (y su dependiente) carece de

nivel inventivo en vista de la siguiente tabla comparativa.

Tabla2

Caracteristicas esenciales D1 D3
Reiv 15 .
Proceso Composicion Proceso
Granular progestageno y excipiente. |Progestageno. Granular progestageno y excipiente,
Mezclar el acido 5-metil-(6S)-THF.  |Acido Folico Mezclar .
Opcional: continuar. Opcional: continuar.
Opcional; recolectarlos. Excipienta. Onpcional recolectarios.

{resumen, Eis. 1 a 13 y rendndicaciones) {Totto of gocumentos y resdndicacionesy

A partir de su analisis, la SIC afirma que la diferencia entre la presente invencién y D3 consiste
en que el procedimiento de D3 menciona expresamente la mezcla del granulado con el derivado
de 4cido félico, no obstante, no hay evidencia técnica que demuestre un efecto técnico diferente

" para la composicién de la presente invencion frente a la composicion de D1.

Asi, el problema técnico que resuelve la presente solicitud es “cémo modificar el proceso
conocido en D1 para proporcionar otro proceso alternativo”. Sin embargo, el hecho de que D1
dé a conocer composiciones farmacéuticas que contienen 4cido folico junto con un
anticonceptivo oral o una composicién de reemplazo hormonal motivaria a una persona
medianamente versada en la materia a incluir el derivado de acido félico en el método de D1,
~ obteniendo el procedimiento de la Reivindicacién 15, por lo cual la presente invencion se

- considera obvia.

iii)  Frente a mis argumentos presentados en mi respuesta al primer y Gnico
examen de fondo, la SIC concluye que: Los resultados de los Ejemplos 5 y 6 no son
sorprendentes ya que el texto Remington afirma que la disolucion de una tableta depende no del
método de granulacion sino de sus caracteristicas, por lo que no se puede atribuir el método de

compresion a los efectos de disolucion.

b- 1) En primer lugar, me permito aclarar que el Capitulo Reivindicatorio
Modificado adjunto reclama clara y especificamente una forma de dosificacién unitaria, oral y

. solida caracterizada porque comprende i) acido 5-metil-(6S)-tetrahidrofélico 0 una de sus sales

' Michael E Aulton, Pharmaceutics: The Science of Dosage Form Design (Edinburgh; New York: Churchill
Livingstone, 2002), pagina 109.
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aceptables desde el punto de vista farmacéutico; y ii) granulos que comprenden drospirenona y

celulosa microcristalina.

Ahora bien, estoy de acuerdo con el Despacho en que el documento D1 (W09953910) debe ser
considerado ¢l arte previo més cercano (aun teniendo en cuenta las modificaciones realizadas en
el Capitulo Reivindicatorio Modificado adjunto), debido a que D1 divulga anticonceptivos orales
que comprenden un componente de 4cido folico. La diferencia entre D1 ¥ la presente invencion

radica fundamentalmente en el uso de granulos que comprenden celulosa microcristalina (MCC)

en presencia de acido 5-metil-(6S)-tetrahidrofdlico (un derivado del 4cido fdlico que no se

encuentra divulgado en D1 y que es particularmente sensible a la humedad).

En la Resolucién 61492, 1a SIC afirma que el uso de MCC es la tnica diferencia entre D1 y la
invencién reclamada en la Reivindicacion 1 actual de la presente invencion. Respetuosamente,
me permito sefialar que esta afirmacion es incorrecta en tanto que D1 no ensefia la presencia de
granulos ni del acido tetrahidrofolico particularmente sensible a la humedad. De hecho, D1

tampoco menciona a la drospirenona.

En atencion a ello, cabe resaltar que el problema que pretende resolver la presente invencion es
el de proporcionar una forma de dosificacién anticonceptiva en la cual el 4cido 5-metil-(6S5)-
tetrahidrof6lico sea suficientemente estable, y el progestigeno, es decir. la drospirenona, sea

liberado de manera suficientemente rapida.

La SIC ha definido un problema diferente, particularmente: “la modificacion de la forma de
dosificacion sélida conocida del documento DI con el fin de proporcionar otra forma de

dosificacion solida anticonceptiva alternativa”.

Al respecto, cabe aclarar que la presente invencion resuelve los dos problemas planteados mas

arriba de manera sorprendente e impredecible a la luz de lo divulgado en D3.

Por consiguiente, y en vista de las ensefianzas de D1, el inventor de la presente invencion se
enfrentd al desafio de proporcionar una composicion alternativa que presente una liberacion
rapida de la drospirenona y al mismo tiempo mantenga la estabilidad del folato (que es sensible a
la humedad) en la composicion final. .
En este sentido, es pertinente sefialar que D1 no hace referencia alguna al desafio planteado en el
parrafo anterior. Ademas, desde un principio, la persona medianamente versada en la materia no

habria considerado someter la formulacidn de la presente invencion a una granulacion humeda
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debido a la inestabilidad conocida del 4cido 5-metil-(6S)-tetrahidrofolico. Este fue precisamente
el motivo por el cual el inventor de la presente invencion empled la compresion directa en sus
primeros intentos de formular una forma de dosificacion que proporcione una liberacion rapida
de la drospirenona. Sin embargo, tal como se muestra en los Ejemplos 1 a 4 de la presente
solicitud, estas formulaciones elaboradas por compresion directa no exhibieron una liberacion

suficientemente rapida de la drospirenona. ‘

A fin de sustentar mis argumentos, me permito hacer referencia a las ensefianzas y a los datos
exhibidos en el libro de Remington que demuestran que al cambiar de una compresion directa a
una granulacion es de esperar que se produzca una disminucion en la velocidad de disolucion
(véase la pagina 549, Figura 31-9, Edicion 18; esta pagina se adjunt6 en mi respuesta al primer y
{inico examen de fondo, presentado el 27 de agosto de 2014). Lieberman y colaboradores
(Pharmaceutical Dosage Forms: Tablets) proporcionan una ensefianza similar en relacion con la
MCC (véase el parrafo de la pagina 175 que se refiere al producto “Avicel”; esta pagina se
adjuntd en mi respuesta al primer y Gnico examen de fondo, presentado el 27 de agosto de 2014)

cuando manifiestan lo siguiente:

“Cuando se granula en humedo, se seca y se comprime, ésta (MCC) no se desintegra

tan fhcilmente como cuando se la utiliza en seco. Puede ser empleada con casi todos

los farmacos excepto con aquéllos que son sensibles a la_humedad (tales como la

aspirina, la penicilina, las vitaminas), a menos que sea sometida a un secado hasta
alcanzar un contenido de agua inferior al 1%y luego sea manufacturada en un drea

deshumedecida”. (subrayado fuera de texto)

‘}Teniendo en cuenta lo anterior, dado que en la compresion directa la MCC no estd hiimeda, cabe
concluir que el arte previo citado no sugiere el uso de MCC y granulacién humeda una vez que
la persona medianamente versada en la materia comprob6 que la compresion directa es
inefectiva en lo que respecta a proporcionar una liberacion rapida. Por el contrario, tanto
Remington como Liebermann ef al. argumentan en contra de tal uso, pues indican que la MCC

humeda no se desintegra tan bien como cuando se encuentra seca.

Asimismo, Liebermann et al. ensefia claramente que la MCC no debe ser empleada junto con

firmacos sensibles a la humedad (véase maés arriba). El 4cido 5-metil-(6S5)-tetrahidrofdlico es

precisamente uno de tales farmacos sensibles a la humedad.
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Por consiguiente, el presente inventor tuvo que enfrentarse al prejuicio de que el 4cido
tetrahidrofélico no seria estable en condiciones de granulacion y no seria compatible con el uso

de MCC humeda (véase el texto de Lieberman et al. discutido més arriba).

Por tal motivo, fue altamente sorprendente descubrir que las composiciones que se reivindican
en la presente invencidn exhiben tanto una velocidad de liberacion satisfactoria del progestageno
como una estabilidad suficiente del folato, tal como se demuestra en los Ejemplos 5 y 6 del

Capitulo Descriptivo.

De otra parte, en la Resolucion 61492, el Despacho sefiala que D3 divulga el uso de MCC en
formas de dosificacion anticonceptivas, y con base en ello concluye que la solucién que ofrece la
presente invencion resulta obvia a la luz de lo divulgado en D1 y D3. Respetuosamente discrepo

del punto de vista de la SIC.

En primer lugar, D3 no describe el uso de MCC en alguna de las formas de dosificacion
ejemplificadas (véanse los ejemplos I-XI), sino que menciona en forma general que la MCC es
un desintegrante util. En segundo lugar, el inventor en D3 no tuvo que enfrentarse a los
problemas de los folatos sensibles a la humedad, los cuales son considerados incompatibles con

la MCC humeda en un proceso de granulacion.

La SIC sefiala tres (3) efectos que se desprenden de los ejemplos de realizacién de la presente
solicitud y concluye que estos resultados o efectos no estan asociados a alguna de las
caracteristicas técnicas de la composicién farmacéutica reivindicada. En vista de lo reclamado

en la Reivindicacion 1 actual, respetuosamente difiero del punto de vista del Despacho

En particular, en el punto (1), la SIC sefiala que el folato es més estable en un envase cerrado que
en un envase abierto a temperaturas mayores. Al respecto, cabe destacar que la comparacion de
la estabilidad en condiciones diferentes carece de relevancia. Lo tmportante en este caso es que
en todos los Ejemplos 1 a 6 se obtiene una estabilidad satisfactoria (es decir, suficiente) del
folato. Esto probablemente no sea sorprendente en el caso de los ejemplos de compresion
directa (Ejemplos 1 a 4), pero es totalmente inesperado y sorprendente en el caso de las

composiciones granuladas que contienen MCC de los ejemplos 5 y 6.

Respecto del punto (2), coincido con la opinién de la SIC en que la liberacién del EE y el THF es
inmediata, mientras que la drospirenona se libera en forma lenta e insatisfactoria cuando se

emplea la compresion directa (Ejemplos 1 a 4), pero se libera suficientemente rapido al emplear

la granulacion (Ejemplos 5 y 6).
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En cuanto al punto (3), cabe sefialar que todos los ejemplos, con excepcion del Ejemplo 3,
comprenden croscarmelosa sodica. Si bien es correcto que se agrega mayor cantidad de
croscarmelosa en el Ejemplo 5 que, por ejemplo, en el Ejemplo 4, también es preciso resaltar que
en el Ejemplo 6 se emplea la misma cantidad de croscarmelosa sédica que en el Ejemplo 4.
Ambos Ejemplos 5 y 6 muestran una liberacion suficientemente répida de la drospirenona, por lo
que la croscarmelosa sodica no es el factor que incrementa la disolucién de la drospirenona. Son

los granulos que comprenden drospirenona y MCC los que producen este efecto.

Finalmente, cabe reiterar que los problemas combinados que se discutieron més arriba (es decir,
el problema de lograr una liberacion rapida de la drospirenona y el de mantener simultaneamente
la estabilidad del 4cido 5-metil-(6S)-tetrahidrofélico) no se pueden resolver ¢n forma aislada,
pues es esperable que el empleo de la granulacién para resolver el problema de la liberacion
rapida afecte directamente al otro problema, es decir, la estabilidad del acido tetrahidrofolico. El

inventor tuvo que resolver estos dos problemas interrelacionados en forma simultinea. Cabe

destacar que es muy usual en algunas de las jurisdicciones de referencia, incluyendo Europa, que
un problema no pueda ser separado en dos problemas parciales, en particular, ,Si es esperable que
la solucion a uno de los problemas afecte el resultado con respecto al otro problema. Por lo
tanto, la solucion que propone el presente inventor a los dos problemas planteados habria sido
percibida como “incompatible” por la persona medianamente versada en la materia al momento
en que se presento la solicitud prioritaria correspondiente a la presente solicitud en estudio. Es

decir, no habria habido expectativa razonable alguna de éxito.

Con base en lo anteriormente expuesto, cabe concluir que la solucion a los problemas planteados
en la presente solicitud no era obvia al momento en que se presentd la solicitud prioritaria
correspondiente a la presente solicitud en estudio, en particular, si dicha solucién no se analiza
en forma aislada y se resuelve en conjunto tal como se describe en el caso de la presente
solicitud de patente. Por consiguiente, el objeto de las presentes reivindicaciones reviste nivel
inventivo.

A fin de confirmar los argumentos expuestos, se adjunta la Declaracion ﬁrméda de la inventora
Dra. Kristina King (Anexo 2). Esta declaracién también fue presentada en relacion con la
solicitud parenteral. De la Declaracion adjunta se desprende que aun si el tetrahidrofolato es
agregado en una etapa tardia de la granulacién, la MCC ha absorbido humedad durante la

granulacion y es esperable que la MCC humeda afecte negativamente la estabilidad del folato.
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En lo que respecta a las reivindicaciones dirigidas a un procedimiento de fabricacion
(Reivindicaciones 17 y 18), cabe destacar que estas reivindicaciones incluyen las mismas
caracteristicas de granulacion, MCC y écido S5-metil-(65)-tetrahidrofolico, por lo que son

inventivas en base a los mismos conceptos que los productos resultantes.

En la Resolucién 61492, 1a SIC menciona que la caracteristica relacionada con la MCC fue
mencionada en la solicitud parenteral y en una reivindicacion independiente, y resalta que esta
reivindicacion fue rechazada, lo cual confirmaria la ausencia de nivel inventivo. Al respecto, me
permito hacer hincapié en el hecho de que el destino de la solicitud parenteral no ha sido
decidido aun, pues esta solicitud se encuentra actualmente bajo revision judicial. Por
consiguiente, aiin no existe un pronunciamiento final respecto de la patentabilidad y nivel

inventivo del objeto reclamado en dicha solicitud parenteral.

i) Ahora bien, en la pagina 9 de la Resolucion 61492, el Despacho se refiere
a mis argumentos presentados en la respuesta del 27 de agosto de 2014. En particular, la SIC
sefiala que “el texto de Remington dice en realidad que la disolucion de la tableta depende de sus
caracteristicas y no del método de granulacion per se, de modo que no puecie afirmarse que la

compresion directa sea inefectiva para proporcionar disolucion rapida”.

Al respecto, en respuesta a este comentario realizado por la SIC, cabe destacar que Remington
afirma que el método de granulacién no es el factor principal, y el inventor de la invencion ha
demostrado claramente y en todo momento que, para el caso de la presente formulacion, lo
importante es el uso de la granulacién y de la MCC, véanse los Ejemplos 1-4 versus los
Ejemplos 5-6 de la presente solicitud. La drospirenona no tiene una disolucion rapida y
suficiente atn si se emplea, por ejemplo, croscarmelosa en la compresion directa (véase el

Ejemplo 4 del Capitulo Descriptivo).

Finalmente, la SIC sefiala que la MCC puede ser empleada como materia prima deshidratada a
fin de evitar problemas con los excipientes humedos y los farmacos sensibles a la humedad (en
el presente caso, el tetrahidrofolato). En respuesta a este comentario realizado por la SIC, me
permito afirmar que esto puede ser cierto, pero tal como se explica en la Declaracion del inventor
adjunta, la MCC absorbe la humedad durante la formacion del granulo, por lo que se esperaria
que para la presente invencion se produzca el problema de la sensibilidad a la humedad. Sin

embargo, el resultado obtenido fue totalmente sorprendente, pues este problema no surgid.

Pagina 10 de 11

|0



)
OLARTEMOURE

OLARTE MOURE & ASOCIADOS LTDA.

En atencion a lo expuesto, me permito aclarar que los comentarios adicionales que hace la SIC
en la anteultima pagina de la Resolucion Denegatoria no desvirtian el nivel inventivo del objeto

reclamado en la presente solicitud.

4. Para terminar, de conformidad con lo establecido en el articulo 59 del Cédigo

Contencioso Administrativo, solicito respetuosamente que todos vy cada uno de los puntos

planteados en el presente recurso sean resueltos de manera individual, completa y motivada,

respecto de las razones de hecho, derecho y/o conveniencia que lleven a esa Superintendencia a

adoptar la decision que estime frente a la solicitud aqui formulada.
5.  NOTIFICACION

Recibiré notificaciones en mis oficinas ubicadas en la Carrera 5 No. 34-03, de Bogota.

Atentamente,

CARLOS R. OLARTE
C.C. No. 79.782.747 de Bogota
T.P. 74.295

Anexos:
— Capitulo Reivindicatorio Modificado;
— Anexo 2: Declaracion firmada de la inventora Dra. Kristina King
— Anexo 3: Traduccidn de la declaracion firmada de la inventora Dra. Kristina King
— Anexo 4: Swarbrick et al. (Documento citado dentro de la declaraciéon firmada de la
inventora Dra. Kristina King \'
— Recibo de pago por 8 reivindicaciones adicionales.

~ Recibo de pago correspondiente a la tasa de modificacion de las reivindicaciones.
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Expediente No. 13-101.248
Recurso de Reposicién

P2008/000245A
CAPITULO REIVINDICATORIO MODIFIéADO
(Recurso de Reposicion)
1. Una forma de dosificacion unitaria, oral y solida caracterizada porque comprende

) acido 5-metil-(6S)-tetrahidrofélico o una de sus sales aceptables desde el punto
de vista farmacéutico; y

ii) granulos que comprenden drospirenona y celulosa microcristalina.

2. La forma de dosificacion de acuerdo con la Reivindicacion 1, caracterizada

porque comprende un estrogeno.

3. La forma de dosificaciéon de acuerdo con la Reivindicacién 2, caracterizada
porque el estrogeno se selecciona del grupo formado por etinilestradiol, estradiol,
sulfamatos de estradiol, valerato de estradiol, benzoato de estradi(;l, estrona, mestranol y

sulfato de estrona.

4, La forma de dosificacion de acuerdo con la Reivindicacién 3, caracterizada

porque el estrogeno es etinilestradiol.

5. La forma de dosificacion de acuerdo con cualquiera de las reivindicaciones

precedentes, caracterizada porque la drospirenona se encuentra en forma micronizada.

6. La forma de dosificacion de acuerdo con cualquiera de las reivindicaciones
precedentes, caracterizada porque el 4cido tetrahidrofolico es una sal del acido 5-metil-

(6S)-tetrahidrofélico aceptable desde el punto de vista farmacéutico.

. .y o L, .
7. La forma de dosificacién de acuerdo con la Reivindicacion 6, caracterizada

porque la sal del acido 5-metil-(6S)-tetrahidrofolico es la sal de calcio.
8. La forma de dosificacion de acuerdo con la Reivindicacién 7, caracterizada
porque la sal de calcio del acido 5-metil-(6S)-tetrahidroflico se encuentra en forma

cristalina.

9. La forma de dosificacién de acuerdo con la Reivindicacion 8, caracterizada

porque la forma cristalina es la forma cristalina Tipo 1.
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10. La forma de dosificacion oral y soélida de acuerdo con la Reivindicacion 1,
caracterizada porque la unidad de dosificacion oral y sélida esta en forma de

comprimido, capsula o sachet.

11. La forma de dosificacién oral y solida de acuerdo con la Reivindicacion 10,
caracterizada porque la unidad de dosificacién oral y solida esta en forma de

comprimido.

12.  La forma de dosificacién oral y sélida de acuerdo con cualquiera de las
Reivindicaciones 1 a 11, caracterizada porque comprende entre 2 y 4 mg de

drospirenona.

13. La forma de dosificacion oral y soélida de acuerdo con, cualquiera de las
Reivindicaciones 2 a 11, caracterizada porque comprende una cantidad de estrogeno
correspondiente a una cantidad terapéuticamente equivalente de etinilestradiol de 0,01 a

0,05 mg.

14. La forma de dosificacién oral y solida de acuerdo con cualquiera de las
Reivindicaciones 2 a 13, caracterizada porque comprende 2-4 mg de drospirenona y 0.01

a 0.05 mg de etinilestradiol.

15. La forma de dosificacién oral y sélida de acuerdo con cualquiera de las
reivindicaciones 2 a 14, caracterizada porque comprende
i) granulos que comprenden
a) de 2.5 a 3.5 mg de drospirenona,
b) de 0.02 a 0.03 mg de etinilestradiol,
¢) de 15 a 35 mg de celulosa microcristalina,
d) de 30 a 55 mg de lactosa monohidrato, y
¢) de 0.8 a 2.4 mg de hidroxipropilcelulosa,
ii) de 0.4 a 0.6 mg de la sal de calcio del 4cido 5-metil-(6S)-tetrahidrofolico,
iii) de 0.8 a 3.2 mg de croscarmelosa sodica, y

iv) de 0.8 a 2.4 mg de estearato de magnesio.
16. La forma de dosificacion oral y sélida de acuerdo con cualquiera de las

Reivindicaciones 2 a 14, caracterizada porque comprende

i) granulos que comprenden
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a) de 2.5 a 3.5 mg de drospirenona,
b) de 0.02 a 0.03 mg de etinilestradiol,
c) de 40 a 80 mg de celulosa microcristalina, y
d) de 0.8 a 2.4 mg de hidroxipropilcelulosa,
ii) de 04 a 0.6 mg de una sal de calcio del acido S5-metil-(6S)-
tetrahidrofolico,
ii1) de 0.8 a 3.2 mg de croscarmelosa sodica, y

iv) de 0.8 a 2.4 mg de estearato de magnesio.

17.  Un proceso para la fabricacion de una forma de dosificacion de acuerdo con
cualquiera de las Reivindicaciones 1 a 16, caracterizado porque comprende los pasos de:
(i) someter la drospirenona y la celulosa microcristalina a un proceso

de granulacion,

(i1) mezclar el dcido 5-metil-6(S)-tetrahidrofélico o una de sus sales

con los granulos formados en el paso (i), y

(iii) opcionalmente continuar con el proceso de granulacion, y/o
@iv) opcionalmente recolectar los granulos,
(v) formular los granulos obtenidos en formas de dosificacion

unitarias, orales y solidas.

18.  El proceso de acuerdo con la Reivindicacién 17, caracterizado porque el paso de

granulacion se lleva a cabo mediante granulacién en lecho fluido.

%k skok o sk ok skoskosk sk ke k
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INVENTOR STATEMENT

Dear Sirs,

The solution of the described problem has to be evaluated as com

bined solution, it cannot be divided into
two isolated tasks.

The task was to provide a formulation out of which DRSP dissolves quickly and in which Metafolin {calcium
salt 5-methyl-{6S)-tetrahydrofolic acid) is stable. This combination is the specific problem since, the
measures to increase the dissolution {fluidized bed granulation) iead to an decreased Metafolin stability
(heat and humidity access), therefore it was novel and surprising to find formulation and manufacturing for
a DRSP / Metafolin formulation solving both problem:s.

The mentioned handbook passage {Swarbrick) related to the granulation process is very generic (“tends to
enhance”) and not an instruction for the solution of this specific task.

Several studies have demonstrited that the granulidtion process. in generat,
enhances the dissolution rate of poorly soluble drags (1) The usc of diluents and fil-
lers such as sturch (), anbydrous {3} and spray died luctose (4.5}, microceystailine
cellulose (6), and compression force, particle size and lubricants (7) tends 1o enhance
the hydrophilicity of the acuve ingredicats and improve their dissolution character-
istics. In this regard, the wet granulation procedure was considercd a superior
method compaied 1o other methods. However, niewer tableting machines and excipi-
ents, accompamed by careful formulation and proper mixing sequence. will permit

preparition of tablets with good dissolution characleristics and not dictated by
the method of preparation per se.

In addition the usage of Avicel/MCC to solve the dissolution and stability problem is something, which an
expert would not do, since it is known, that the disintegration is negatively influenced, which affects the

dissolution negatively, and the excipient is not recommended for moisture-sensitive drugs, like Metafolin
is. The developed formulation has a moisture content above 1%, which is expected to be a humidity,

which
is not feasible for a MCC formulation containing a moisture-sensitive drug (cf. Liebermann).

Eeseman e T TSR eeNe smearcaymmenies s wmasies PV IIMIVLIWIIY Laenwitipren vy e

Avicel (microcrystalline cellulose) s a highly effective disintegrant.

It has & fast wicking rate for water, hence, it and starch make an excel-
lent combination for effective and rapid disintegration in tahlet formulations.
One drawback to its use iy {ts tendency to develop static charges with {n-
creaeed moisture content, somelimes causing striation or separation in the
granulation. This can be partially cvercome by drylng the cellulose to
remove the moisture. When wet-granulated, dried, and compressed, ft

does not disintegrate as readily se when unwetted, It can be used with
almost all druga except those that are molsture-sensitive (such as.aupirin,

pentciMn, and viteming) unless it is dried to a motsture conten! of less than
1% and then handied In a dehumidified area.

Therefore the solution of both problems is not covered by the mentioned literature.
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nexo 57

DECLARACION DEL INVENTOR

Estimados sefores,
La solucién al problema planteado debe ser evaluada como una solucion combinada, no

puede ser dividida en dos tareas aisladas.

La tarea era la de proporcionar una formulacién a partir de la cual la drospirenona
(DRSP) se disuelva rapidamente y en la cual el Metafolin (la sal de calcio del acido 5-
metil-(6S)-tetrahidrofélico) sea estable. Esta combinacién constituye el problema
especifico, pues las medidas para incrementar la disolucién (granulacion en lecho fluido)
producen una disminucién de la estabilidad de! Metafolin (acceso a la humedad vy al
calor). Por consiguiente, fue novedoso y sorprendente encontrar una formulaciéon y un
proceso de manufacturacion para una formulacidon de DRS/Metafolin que resuelva ambos
problemas.

El parrafo del mencionado libro de textos (Swarbrick) que se refiere al proceso de
granulacién es muy general (“tiende a aumentar”) y no es una instruccion para resolver

esta tarea especifica.

"Diversos estudios han demostrado que el proceso de granulacién, en general,
aumenta la velocidad de disolucién de fdrmacos poco solubles (1). El uso de
diluyentes y materiales de relleno tales como almidén (2), lactosa anhidra (3) y
lactosa pulverizada (4,5), celulosa microcristalina (6), y fuerza de compresion,
tamafio de particula y lubricantes (7) tiende a aumentar la hidrofilia de los
ingredientes activos y mejorar las caracteristicas de disolucién de los mismos. Al
respecto, cabe destacar que el proceso de granulac_:ién humeda fue considerado
superior en comparacién con otros métodos. Sin embargo, las méquinas mas
nuevas para produccién de tabletas y los excipientes més nuevos, si estdn
acompafiados de una formulacién cuidadosa y una secuencia de mezclado
adecuada, permitirdn la preparacion de tabletas con buenas caracteristicas de

disolucién que no estaran regidas por el método de preparacién en si.”

Asimismo, el experto no emplearia Avicel/MCC con el fin de resolver el problema de
disolucion y estabilidad, pues es sabido que se ejerce una influencia negativa sobre la
desintegracién, lo cual afecta negativamente la disolucién, y el excipiente no esta
recomendado para los farmacos sensibles a la humedad tales como el Metafolin. La
formulacién desarrollada tiene un contenido de humedad mayor que el 1%, lo cual puede
ser calificado como humedad y no es viable para una formulacion deqMCC que contiene
un farmaco sensible a la humedad (véase el texto de Liebermann que se indica a

continuacion).

Avicel (celulosa microcristalina) es un desintegrante muy efectivo. Tiene una
velocidad ripida de absorcién para el agua. Por consiguiente Avicel y almidén

forman una combinacién excelente para una desintegracion rdpida y efectiva en



formulaciones de tabletas. Un inconveniente para su uso es su tendencia a
desarrollar cargas estdticas a mayor contenido de humedad, causando a veces
estrias o separacién en la granulacién. Esto puede ser parcialmente superado por
medio del secado de la celulosa a fin de remover la humedad. Cuando se granula en
himedo, se seca y se comprime, ésta no se desintegra tan facilmente como
cuando se la utiliza en seco. Puede ser empleada con casi t?dos los farmacos
excepto con aquéllos que son sensibles a la humedad (tales como la aspirina, la
penicilina, las vitaminas), a menos que sea sometida a un secado hasta alcanzar un
contenido de agua inferior al 1% y luego sea manufacturada en un area

deshumedecida”.

Por consiguiente, la solucidn a ambos problemas no estd abarcada por la literatura

mencionada.

Atentamente,

Dr. Kristina King

Bayer Pharma AG

Jefa de! drea que ofrece oportunidades para adquirir licencias

Global Drug Discovery - External Technology & Innovation

13353 Berlin, M0OO1, 05, 538 ,
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required amount of liquid binder based on the formulation composition. However,
this is a challenging task, since the liquid binder required for high-shear granulation
depends on a number of formulation and process factors, such as physicochemical
properties of the starting materials (APT and excipients), type of the binder used,
impeller speed, wet-massing time, etc.

5. FACTORS AFFECTING THE GRANULATION PROCESS
AND GRANULE PROPERTIES

Performance und physical properties of the compressed tablets are driven by proper-
tics of the granules. Yajima ct al. (19) cxamined the relationship beiween particle size
distribution and physical propertics of the obtained granules (c.g., angle of reposce,
angle of spatula, loosc bulk density, tapped butk density, compressibility) and the
resulting tablets (hardness and weight variation of tablets). The particle size distribu-
tion of the granules used for tablet compression was expressed as a function of med-
ian particle size, and standard deviation with a logarithmic normal distribution.
Physical properties of granules and the compressed tablets were significantly affected
by this luctor. Tablet hardness increased as the median particle size decreased, when
the stundard deviation was <1.0.

In another example, Wikberg et al. (20) produced {1 granulations of 4 common
filler (lactose) and three granulations of a high-dose drug (dipentum) by wet
granulalion with polyvinylpyrrotidone (PVP) as binder. in a high-shcar mixer gran-
ulator. The agglomeration process was varied to produce granules with varying
granule porosity. The granule fragmentation during compression was evaluated by
measurements of air permeability of the tablets. The results showed that the degree
of granule fragmentation during compression was related to the granule porosity
before compaction. A granulation with a higher porosity had a higher fragmentation
propensity during compression. The tablet strength correlated well with the degree of
fragmentation, i... a granulation with a higher degree of fragmentation yielded
tablets of & higher hardness. Vuriations in compactibility can be explained by varia-
tions in granule porosity for the same formulation that was wet granulated under
different process conditions. Therefore, the formulation variables and granulation
process should be controlled 1o produce granules with the desired properties. Since
granulc formation in high-shear wet granulation is dependent on the degree of liquid
saturation, the factors that influence the degree of liquid saturation should be opti-
mized to obtain un optimal granulation formulation. The factors that affect the
degree of liquid saturation (which depends on the amount of liquid added as well
es on the densification of the granules) are formulation, process, and apparatus vari-
ables. Hence, the granulation process and the properties of the granules are affected
by the aforementioned variables,

5.1, Formulation Vartables

Besides the AP, excipients such as a filler or fillers, a disintcgrant (not applicable to
controlled release), and a binder arc also included in the powder mixture of a tablet
formulation. The fillers used in tablet formulations can be classified into two cate-
gories, based on their water solubility: soluble fillers such as lactose, sucrose, manni-
tol. etc.. and insoluble fillers such as MCC, starch. calcium carbonate, calcium
phosphate. etc. The binders used in the wet granulation process are water-soluble

© 2008 by Yaylor & Francis Group, LLC




High-Shear Granulation 205

polymers such as gelatin, PYP, HPMC and sugars such as glucose. sucrose. and sor-
bitol. Some of the commonly used disiniegrants arc sodium starch glycolate, cross-
linked PVP, and cross-linked sodium carboxymethylcellulose. These excipicnts are
available in various grades from vendors. Hence, the physical properties such as par-
ticle size distribution, particle shape, surface morphology, surface area, and solubi-
lity of APl and excipients in the binder solution could vary considerably. The rate
and the final degree of densification are controlled by the physical propertics such
as particle size distribution, particle shape, surface morphology, surface area. solu-
bility in the binder solution, etc., of the starting materials. Therefore. the physical
characteristics of drug and drug loading, the types and amount of excipients, and
the type und amount of binder used could affect the rate and the final degree of
densification of the resulting granules. Morcover, these aspects of the powder mix-
ture can also affect (he amount of liquid required for granulation and the degree
of liquid saturation in the agglomerates. during the wet-granulation process, which
in turn affect the physical properties of the obtained granules.

5.2. Effects of Starting Materlals

The physical properties of the granules are influenced by the physical properties of
the starting materials. For example, the shape, size, und size distribution of the par-
ticles of the starting materials can affect the packing pattern of u powder mixture,
and ultimately the final degree of densification and the strength of the resulting gran-
ules. The extent of granule densification affeets the degree of liquid saturation of the
powder mixture. and the amount of liquid binder required for granulation. The total
surface area of the starting materials, related to the particle size and porosity of the
starting materials, wilt affect the amount of liquid binder required for granulation.
The liquid adsorption of the starting material could ulso affect the amount of liquid
binder required lor wet granulation. Therefore, the amount of binder solution req-
uired for granulation depends on the formulation composition, and the physical
characteristics of the starting materials. Tn a study by Schaefer et al. (21), when
the mean particle size of lactose was decreased, the umount of liquid required for
granulation was increased to obtain a similar particle size of granules in high-shear
granulation.

The influence of the primary particle sizc of DCP on granule growth in a
Lodige MSGR high-shear mixer granulator was investigated by Schacfer ¢t al.
(22). Two batches of DCP, one with a narrower particle distribution and smaller
geometric mean diameter, and the other with a wider particle size distribution and
a larger geometric mean diumeter were used. The batch with the narrower particle
size distribution and smaller geometric mean diameter was more casily densified than
the one with the wider particle size distribution and a larger geometric mean dia-
meter, because it wus overwetted at lower moisture content, The granules with wider
particle size distribution were produced from the DCP with a wider particle size dis-
tribution and larger geometric mean diameter.

The strengih of wet agglomerates can be dominantly affected by the degree of
liquid saturation and the primary particle size of the starting maicrials. Conse-
quently. the growth mechanism and drug content uniformity of the resulting gran-
ules can be affected,

The influence of the primary particle size of lactose on the breakage of erythro-
sine granules was investigated by van den Dries et al, (4). The results showed that
a decrease in particle size of the starting material, factose. led 10 a decrease in
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breakage of granules. When granule breakage was absent, the granules remained
intact and (he prefcrential laycring of the smallest particles yiclded inhomogenous
granules.

The effect of particle size of the lactose on the homogeneity of low-dose steroid
hormone distribution in granules produced in high-speed mixers was studied by
Vromans et al. (23). When a micronized low-dose steroid hormone was granulated
with unmicronized lactose at 250 pm, inhomogeneity of active was observed. The
coarse particle size fractions of the granules were found to be superpotent. up to
150% of the mean drug content, whereus the fine size fraction showed a correspond-
ing subpotency of $0%. However. when the particle size of lactose was reduced,
u better drug distribution was seen. This was attributed to an increase in the tensile
strength of the nuclei dug to the smalter particle size of laciosc.

The effect of particle size of lactose on the homogencity of cstradiol granules
prepared in a 101 high-shear mixer was studicd by van den Drics ¢t al. (15), Three
different particle sizes of lactose were granulated with 0.1% micronized estradiol
(5pm) using an aqueous solution of hydroxypropy! cellulose (HPC) as a binder.
Granules prepared with the largest lactose particles (14} um) yietded a homogenous
granulate, However, after a prolonged processing time, demixing was observed.
Contrary to the largest particles. granulation with the smaller lactose particles (23
and 50 um) led to demixing in the first minute, although to « lesser extent. It was
concluded that granulmion with the largest particles resulted in breakage of the gran-
ules, thereby preventing demixing. However, once the granules were sirong enough
(smaller particle sizc and prolonged process time) 1o survive the shear forces, demix-
ing was observed. The exicent of demixing depended on the particle size difference.

The size distribution of granules prepared from three different tablet excipi-
ents, lactose, glucose, and mannitol. in 2 high-shear granulator, were studied by both
sieve analysis and laser light diffractometry (24). Both the shapes and the size distri-
bution of the granules produced from the three excipients differed.

The erystallinity of the starting materials affected the granulation process and
the properties of the granules. The effect of erystallinity of MCC on wet granulation,
in binary mixtures of MCC and corn starch (CS), was investigated by Suzuki et al,
(25). The crystallinily of MCC was modified, producing amorphous materinl by
milling in 2 jet mill (J-MCC) and a vibrational rod mill (R-MCC). Crystallinity of
J-MCC was nearly cqual 1o that of intact. MCC (1-MCC), but that of R-MCC
was remarkably low due to the mechano-chemical effect. The growth rate of granules
with R-MCC was greater than that with I-MCC and J-MCC. The formulations con-
taining 1-MCC and J-MCC produced granules with a core (MCC and. CS) around
which C8 was layercd. R-MCC provided granules in which CS and abraded MCC
were homogenously mixed. In addition. R-MCC remarkably decreased the differ-
ence in drug content among the size fractions of granules compared with I-MCC.
The decreuse in crystallinity of MCC increased the abrasion of the.material by the
impeller. This resulted in a greater growth rate of granulation.

The physical properties of the AP] also affect the wet granulation process and
the propertics of the resulting granules. For example, when the particle shape of the
APT was changed from spherical to plate fike duc to a change in the crystaliization
solvent, the compressibility of ihe resulting granules dramatically decreased (26).

The effect of the particle size of DPC 963 (AP1) on the characteristics of gran-
ules prepared by high-shear wet granulation was evaluated by Badawy et al. (27).
Particle agglomeration was affected by the particle size of the drug substance.
Granule geometric mean diameter and fraction with particle size greater than
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25040m was inversely proportional to the particle size of the drug substance. The
granules prepared with the smaller particle size had higher porosity, thus suggesting
lower tendency for granule densification than those manufactured with the larger
particle size. The compressibility of the granules was increased with decreasing par-
ticle size of the drug substance. The effect of pasticle size on granulation growth is
the result of increased densification propensity from increased drug particle size.

In another study. a high-shear mixer granulator was used for pelletizing a drug.
High-dose pseudoephedrine-HC1 pellets were produced with MCC in a high-shear
mixer granulator (28). The drug loading and drug particle size influenced the bulk
and true densities of the resulting pellets.

5.3. Effects of Type and Amount of Binder Soiution Used

A binder is normally required for the wet-granulation process. The binder can be
added into the powder mixture as a dry powder followed by the addition of water,
or an appropriate solvent to activate binding. Alternatively, the binder can also be
added into the powder mixture as a binder solution. Because of the higher densifica-
tion of the wet agglomerates, the high-shear granulation process normally only needs
two-thirds to three-quarters of the liquid required during the low-shear granulation
process (18). The bonding characteristics of the binders used for wet granulation
could vary duc to the differences in their physicochemical properties. Therefore,
the type of binder used for granulation can influence the granulation process, the
amount of binder required for granulation, and the physical properties of the
oblaincd granules. ’ .

For example, the effect of binder solutions on the size of DCP granuies was
investigated by Ritala et al. (29). Five different binders, PVP (K.ollidone 90). poly-
vinylpyrrolidone-polyvinylactate copolymer (PVP-PVA copolymer), hydrolyzed
gelatin and HPMC (Methocel ES and Methocel E15) were studied. The granules pre-
pared with PVP and hydrolyzed gelatin possessed a iarger mean particle size and
lower inteagranular porosity when the same volume of binder solutions was used.
The other three binder solutions behaved similarty. This could be duc to the higher
densification of DCP granule caused by PVP and hydrolyzed gelatin. Thus, the gran-
ules had higher liquid saturation with lower volumes of the binder solutions, 1t was
apparent that increasing (he concentration of the binder solution in the powder
mixture increased the mean granule size,

In another. study, Ritala et al. (30) investigated. the differences between five
binders during wet granulation using a high-shear granulator. The binders used
for the study were PVP K90, PVP K25. PVP-PVA copolymer, Methocel ES, and
Methocet E15, The resulis demonstrated that the binder solutions with high surface
tension. such as PVP solutions. produced denser granules with larger mean particle
size than those with low surfice tension, such us PYP-PVA copolymer, Methocel ES,
and Methocel .E!S. The difference of granule growth by different binders in high-
shear wet granulation could be due to the, variation of surfuce tension of the binder
solutions, o ' ’ o

The amount of binder and granulating liquid used during granulation afTect
the granulation process and the physical characterisfics of the prepared granuics.
In general, the granules are finer when the amount of granulating liquid used for
granulation is decreased. For example, the size of the granules prepared from three
tablet excipients, lactose, glucose, and mannitol, increased when the amount of
granulation liquid was increased (24). Similar resulis were observed for granulating
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mixtures of mannitol and MCC (31).-When the mixtures were granulated in a high-
shear mixer using HPC as the binder, the mean particle size of the granules increased
with incrcasing amounts of water and concentration of the binder.

Generally, an increase in binder concentration could result in the production of
larger granules. However, this is not always the case with starch paste since it could
behave differently from the other binders. For example. a high-shear mixer was uti-
lized for evaluation of pregelatinized and pregelatinized, cross-linked. waxy corn
starches as binding agents in the wet-granulation process (3). Increasing the concen-
tration of the binders decreased the average granule size; however. no difference in
friability of the granules was observed. The use of pregelatinized or pregelatinized,
cross-linked starches as a paste provided larger and less friable granules than when
the binder was added in the dry form.

The effect of starch paste concentrations on the particle size distribution of fine
granules, produced by high-speed mixer. was investigated by Makino (32). When a
tow concentration (5%) of starchi paste was used, the growth of granules ocourred
mainly during the massing time. since a relatively large amount of frec water was
available from the paste. Only the mean particle size of the granules became larger
without changing the particle size distribution of the granules during granulation,
However. when a high concentration {15%) of starch paste was used. rapid deaggre-
gation of granules occurred duc to the applicd shear {orce, following the formation
of large granules. immediately after the addition of the starch paste. Deaggregation
of these large agglomerates became predominant during the wet-massing stage, and
hence, the size distribution of the granules became narrower. Longer massing tinte
was also required when a high concentration (15%) of starch paste was used, since
only a small amount of water exuded from the more concentrated starch paste dur-
ing the apitation.

Besides the effect on the particle size of the granules, the' amount of binder
solution used in the wet-granulation process can also affect the content uniformity
of the granules. The effects of the amount of binder solution on the content unifor-
mity of the oily drug p-alpha-tocophery! acetate (VE) in granules obtaincd by high-
shear wet granulation was investigated by Kato et al. (33). When the amount of
binder solution was below the amount of water required to reach the plastic limit
(minimum amount of water required for the powder mixture to form a large agglom-
crate when kneaded), the content of VE was <50% in the fractionated fine granules,
but was >200% in the fractionated large granules. Large variations were seen in the
contents of VE even if the granulation time was exiended up to 30 min, When the
amount of binder solution was at or above the amount of water required 10 reach
the plastic limit, less variation was observed in the content of VE throughout the
granules, and the content of VE was fairly uniform, .

In another study, the effect of the amount of water as the granulating liquid
and HPC as a binder on the pharmaceutical properties of granules of two model
drugs, ascorbic acid and ethenzamide. was investigared by Miyamoto et al, (34),
The dependence of drug content uniformity of these two model drugs on the granule
size was also investigated in this study. For i water-soluble drug, ascorbic acid, an
appreciable dependence of drug content on granule size was not observed in model
formulations. Howcver, for a poorly water-soluble drug, cthenzamide, more drug
was found in small-size granules (<75um). The drug content of ethenzamide in
small-size granules decreased with increasing amounts of HPC and granutation
liquid. These obscrvations suggested that drug content uniformity is influenced
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not only by drug solubility in the binder solution. but also by the amounts of gran-
ulation liquid and the type of the binder used.

Granule {riability is also influenced by the binder concentration and the amount
of granulating liquid added to the formulation during granulation. For a new AP]
granulated with lactose and Avicel PH 10} using low-viscosity HPMC (Pharmcoat
603), increasing the binder concentration and the amount of water tended to produce
higher wet-mass consistencies. Granule friability decreased with an increase in the
binder level. An inverse relationship was observed between granule friability and the
amount of water added to the formulation, especially at lower drug concentrations (35).

The binder can influence not only the physical properties of the granules, but
also the performance of the finished tablets. For example, within a certain range of
binder concentrations and granulating liquid, increasing thc amount of binder or
granulating liquid actually deercases the compressibility of the granules (26). Tn
another study, the effect of different types of binders such as PVP K30, HPMC
(Cellulose HP-M 603), maltodextrin (Lycatab DSH), pregelatinized starch (Lvcatab
PGS), and low substituted hydroxypropy! cellulose (L-HPC) (type LH 11) on the
hardness of placebo and paracetamol tablets using high-shear granulation technique
was compared by Becker et al. (36). The placebo granules comprised only lactose and
MCC (Avicel PH 102). The binders were added at 2%, 6%, and 10% in the dry form
and water was used as the granulating liquid. The median particle size increased with
increasing binder concentrations from 2% to 6% except when L-HPC was used as the
binder. The median particle size of the granufes decreased with increasing binder
coneentrations from 2% (o 6% when L-HPC was used as the binder. The granule
strength, and the hardness (crushing strength and friability) of the resulting tablets
increased with increasing binder concentrations, In the preparation of model tablets
containing paracetamol, PVP K30 (6%) and Cellulose HP-M 603 (6%) turned out to
be the binders of choice with respect to crushing strength of the finished tablets.
Lycatab PGS, Lycatab DSH. and L-HPCC-LH 11 could not be used to produce
paracetamol tablets that met the requirements.

The amount of granulating water can also affect the physical properties and
compressibility of MCC, which is one of the most commonly used fillers. The
mechanism of forming hard granules with MCC, using a high-shear mixer granula-
tor. was investigated by Suzuki ¢ al. (37). The hardness of the MCC granules
increased with granulation time and the amount of water added. The specific surface
arca deercased during the granulation process. Crystallite size of cellulose decreased
with granulation time and with increasing amounts of water added. MCC granules
were strengthened with longer granulation time and greater amounts of water, thus
resulting in a more intricate network due to the strong shear force of the impeller.

The effect of granulating water level on the physical-mechanical properties of
MCC and silicified microcrystalline cellulose (SMCC) was investigated by Habib
et al. (38). Granules containing either MCC or SMCC were prepared at different
water levels using a high-shear mixer. The resulting granules were tray dried. The
water level runged from 0% to [00%. Increasing the water level affected the granule
particic sizc. inereased the granular density and flow propertics of the granules, and
decreased the porosity and compactibility. The compactibilitics of both macrials
were similar and acceptable a1 cach granulating waler level up 10 40%. However,
both the materials showed poor compactibility at higher water levels. The effect of
amount of water used for granulation did not have a statistically significant differ-
ence on the compressibility of MCC and SMCC. SMCC did not offer practical
advantages over MCC, other than better flow in the powder form, which could be
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agent and it must be present at an optimal concentration lo maximize (he solubility
of'a poorly water-soluble drug. Table 4 lists some of the common solubilizing agents.
One commonly used additive is cyclodextrin, Cyclodextrins arc bucket-shaped
oligosaccharides produced rom starch.

As a result of their molecular structures and shapes, cyclodextrins are able
1o entrap poorly water-soluble drugs in the hydrophobic cavitics forming watcr-
soluble inclusion complexcs with the poorly water-soluble drugs. Cavallari et al. (30)
showed that complexation and granulation of piroxicam with §-cyclodextrin by steam
granulation in a single process improved in vitro drug release when compared to a
physical mixture of drug and B-cyclodextrin in the same composition. 2-Hydroxy-
propyl-B-cyclodextrin was employed by Uekama et al. (31} to form water-soluble
inclusion complex with nifedipine. The drug and additive were dissolved in
ethanol-dichloromethane and subsequently spray dried. Tablets prepared using the
inclusion complexes were found to promote nifedipine in vitro relense rate. Upon
feeding the test tablets to dogs, superior oral bioavailability was obtained. Storage
at 60°C and 75% relative bumidity did not result in nifedipine crystal growth because
the nifedipinc molecules were basically entrapped within the 2-hvdroxypropyl-
p-cyclodextrin. minimizing the opportunity for the nifedipine molecules coming
together and recrystallizing. Thus. the stability in dissolution profile could be
achieved throughout the entire period of study.

2.2.2. Effervescent Agent

Effervescence is defined as the evolution of bubbles of gas from u fiquid as the result
of a chemical reaction. The generation of gas, which is usually carbon dioxide, is
usually achieved by spontancous chemical reaction between 4 soluble acid source
and an alkali metal carbonate in the presence of water. The reaction can be triggered
in the presence of # small amount of water, thus moisture protection of such oral
dosage forms is puramount. This is because effervescence reaction when initiated will
proceed spontaneously because one of the by-products is water.

Several rescarchers had found (hal the bioavailability of aspirin from cfTerves-
cence tablet was higher than conventional or enteric-coated tablets (32-34), The rea-
sons for this included the dramatic disintegration rate of the tablets (hat cnabled rapid
release of the drug particles for dissolulion and the increase in gasiric cmptying rate.

2.2.3. Hydrophilic Agent

In the formulation of rapid release granules, it is important to consider the formula-
tion in its totality. It is always better to employ more hydrophilic agents which may
be water-soluble or water-insoluble as binders or fillers in the formulation so that
water penctration into the granules will not be impeded. Hydrophilic agents
commonly employed include hydroxylpropylcellulose. hydropropylmethylcellulose.
lactose, microcrystaliine cellulose. polyvinylpytrolidone. starch, and many others.
These additives aid in wetting the poorly water-soluble drug. Polyvinylpyrrolidone
K30 was able to improve the wetiing of nifedipine complexed with 2-hydroxypro-
pyl-B-cyclodextrin, thus negating the decrcase in nifedipine release brought about
by the poor wettability and good compressibility of the complex (35),
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Bioavailability and Granule Properties

Sunil §, fambhckar
Sauth Unlversity School of Pharmacy, Savannah, Georgia, U.S.A.

1. INTRODUCTION

The most important property of a dosage form is its ability to deliver the agrive
ingredient to the “sile of action” in an amount sufficient 1o elicit the desired pharma.
cological responsc. This property of a dosage form has been variously referred to as
its physielogical availability, biological availability, or bicavailability.

Bioavailability may be defined more accurately as the vale and extent of
absorption of a drug from its dosage form into the systemic circulation. Accordingly,
the absorption of a drug following intravenous administration is extremely rapid and
complete. However, duc to convenience and stability problems. drugs are often
administered oraily in v tablet or capsule dosage form, Therefore. it is imperative
that their rate and extent of absorption in individua! be known accurately. Further-
more, it is equully important that the factors thut influence the rute and extent of
absorption of drugs be also known and understood by formulators.

The subject of bioavnilability began to receive growing attention as studies
showed that the therapeutic efTectivencss of & drug from the dosage form dopends,
to a large extent. on the physiological availability of their active ingrediont(s), and
is a function of the drug concentration in the patient's blood or plasma. The Impor-
tance of bivavailability in drug therapy, thercfore, stems from the fact that (he rate
and extent of absorption of a drug from a dosage form can, in fact, affect the patient’s
Tesponse to a drug. Tn light of these facts, the determination of bioavaitability has
become onc of the ways to assess the in vivo performance of a dosage form following
its formulation developiment. Tt must, however, be remembered that bioavailability
studies, very often, are conducted in normal, fasted, and a small number of subjects
and, therefore, the resuits of these studies may not always reflect the true cfficacy
relationship in patients under treatment conditions.

For muny yeurs it wus assumed that if & dosage form contulned the labeled
amoumt of a drug, its performance could be taken for granicd. However, it is
now ¢vident for some time that many factors acting individually or in concert
may produce the therapeutic failure,

63§
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536 Jsmbhokar
2. BIOAVAILABILITY PARAMETERS

In asscssing the bioavailability of a drug from a dosage form, three parameters arc
measured following the administration of a drug through 1 desage form and obtain-
ing the drug blood concentration time profile (Fig. 1):

1. Peak concentration (€g) mas
2. Poak time. fy,,
3. The area under the coneentration timg curve, (AUC)E

The parameters fq, and (Cy) max are the measure of the rate of ahsorption and
the (AUC)y" is a measure of the extent of absorption.

2.1, Penk Time

This parameter represents the length of time required 1o attain the maximum concen-
tration of drug in the systemic circulation. The payameier reficcts the onset of action
and, hence. can be utilized as a measure of the rate of absorption. The faster the rate
of absorption. the smaller the value for the peak time and the quicker the onset of
action of the drug. The peak time is determined by using the following equation;

In{A, /A \
fmix = Ti\:"a‘/‘"x')i (2~|I
(A

where K, and K are the first-order absorption and elimination rate consiants. respec-
tively.

Eq. 2.1 clearly indicates that larger the value of the ubsorption rate constant
(Ky), the smaller is the value of peak time (fmay) and the quicker is likely to be the
onsct of action.
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Figure 1 A graphical representation of plasma/serum drug concentration data following the
administration of u drug by an extravascular route,
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The climination ratc constant (K} is constant for a drug in normal healthy indi-
viduals and it changes when organs responsible for the climination of the drug (i.c..
kidney and liver) cxhibit abnormalitics. The absorption raic constant (&), on the
other hand, depends on the route of administration. the dosage form, and the formu-
lation of a drug. And. for hydrophobic drugs or when the absorption is dissolution
vate limited. the faster dissclution is generally reflected in the higher value for the
absorption rate constant. Therefore. by changing the formulation of a drug or route
of administration, one can alter the peak time und. therefore. the rate of absorption
and time for the onset of action.

2.2. Peak Plasma Concentration (Cp) mex

This parameter represents the highest drug concentration in the systemic circulation
or the plasma concentration that corresponds to the peak time. Furthermore. this
parameter is often associated with the intensity of the pharmacologic response of
the drug. Thercfore. the peak plasma concentration (Fig. 1) of a drug following
the administration of a dosage form should be ubove the minimum effective concen-
trution and below the minimum toxic concentration. The peak plasma concentration
can depend on the absorption rate constant (K,) and the fraction of the administered
dose that eventually reaches the systemic circulation. The higher the absorption rate
constant and fraction that rcaches the general circulation, the greater is (he peak
plasma concentration for the adminisicred dosc. The route of administration, the
dosage form, and the formulation can therefore influence the peak plasma concen-
tration. It is determined by using the following method:
K, F(X; y ‘

(Colpy = Tl e = i) (22)
where Fis the fraction of the dose that eventually reaches the systemic circulation,
(Xa)a is the administered dose. I is the apparent volume of distribution of a drug.
and /y,, is the peak time,

Since the term (KaF(X,)o)/(V (K ~ K)) in Eq. 2.2 constitutes the intercept of
the plasma concentrations against the time profile, Eq. 2.3 can be written as

(Cr‘)mn.\ = ”e_k’w' - e—h,m‘) (23)
where Tis the intercept (ug/mL) of the plasma concentrations againsi time profile.

2.3. Area under the Plasma Concentration Time Curve

This parameter represents the extent of absorption of a drug following the adminis-
trution of « dosage form. The greuter the fraction of the dose that reaches the general
circulation the greater is the extent of the absorption and, hence, (AUC)§". The term
(AUC)Y, expressed as ig/mL/hr, for a drug following its administration by various
cxtravascular routes or various dosage forms that are administered extravascularly,
is determined by employing the following equation:
KFX), [18

AUC) = S2lldsh (2 1 4

(AUCR = g 12— 1 (24)
All the terms of the Eq. 2.4 have been defined previously. Eq. 2.4 can further be
reduced to
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X = 1. . ..l_ )
(AUC); Inlerccpl[K K,,] (2.9)

the intercept in Eq. 2.5 being the intercept of the plasma concentration time profile.
The extent of absorption can also be determined by using the following equation:

(AUC)) = -—(,—,‘K"—‘ (2.6)

where. the term K is the sysiemic clearancee of (he administered drug, This para-
meter being independent of the route of udministration, the formulation. and the
extravascularly administered dosage form, it is ostensible that the extent of absorp-
tion fi.c.. (AUC);] is controlled by the product of the fraction of the administered
dose reaching the general circulation and the administered dose [i.e.. AXado)

2.4. Factors Affecting the Bloavaliability

There are 2 number of factors responsible far the variation in bioavailability,
Broadly speaking. these factors can be classified as patient related or dosage form
related. Patient related factors include age. disease state, abnormal genetic character-
istics, and gastrointestinal physiology. The detailed discussion on these fuctors is
beyond the scope of the objectives of this chapter.

Dosage form related factors include formulation und manufacturing related
variables such as particle sizc, type, and quantity of excipient used. method of man.
ulacturing, compression pressure., derived propertics of the powder, and many other
factors.

The fact that the bioavailability of 4 drug may he significantly affected by its
physical state of the drug and the dosage forms via which it is administered has been
unequivocally demonstrated. And. because drugs are administered through dosage
lorms. these dosage forms should have adequate stability. consistent bioavailability,
and uniform composition,

Following the administration of a drug through a solid dosage form, a
sequence of steps ure required before the drug reaches the systeinic circulation. As
shown in Figure 2, an orally administered solid dosage form undergoes disintegra-
tion and deaggregation. followed by the dissolution of the drug. The dissolved drug
molecules must penctraic the gastrointestinal membranc and picked up by the blood.
Each of the steps involved may limit how fast the drug molecules reach the geueral
circulation and. therefore, site of action. The step that offers the maximum resistance
is referred to as the rate-limiting step. Which step will be rate limiting, on the other
hand. will depend on the physicochemical properties of the dosage form and the phy-
siology of the gastrointestinal tract. The focus of the discussion here, however, will
be on the physicochemical properties of the dosage form,

As illustrated in Figure 2, solid dosage form must disintegrate or deaggregate
before much of the drug is available for absorption. Drug dissolution subsequently
occurs rom the resulting granules. Therefore, the propertics of granules arc impor-
tant in understanding how dissolution is influenced by these propertics, Following
the ingestion of a solid dosage form. whether or not a drug is deaggregated, il will
not be absorbed unril it has dissolved into the luminal fuids of the gastrointestinal
tract. Because of the effects of disintegration and deaggregation on the dissolution,
the remaining discussion will focus on the factors influencing the dissolution of
the drug.
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Figure 2 Schematic representalion of the process of the drug dissolution and its entry into
the general circulation.

2.5, Dissolution and Granule Properties

Amongst availuble dosage forms, compressed tublets are the most widely used dosage
form. Tablets are generally obtained by using cither wet granulation or direct
compression process. Wet granulition process consists of mixing a drug with other
powdered material and wetting the misture with an aqueous or hydroalcoholic solu-
tion of a suitable binder such as getatin, starch, or polyvinvipyrrokidone. The damp
mass is passed through the screens of 8-12 mesh and dried to produce cohesive
granules. Each granule. in theory, is a blend of an active ingredient and excipients.
The granules flow casily through the hopper into the tablet press and arc casily
compressed.

Many derived properties of the powder greatly influence the granule properties,
which, in turn, influence the dissolution of an active ingredient from the dosage
form. These ‘derived properties include powder density, porosity, specific susface,
particle number, and powder flow. These derived properties are, in essence, deter-
mined by the particle size and size distribution, Consequently, particle size and size
distribution play a vital rolc in influcncing the bioavailability of drugs. particularly,
when dissolution is the rate-limiting step in the absorption process. The important
role these properties play in influencing the bioavailability must, therefore, be recog-
nized and taken into consideration during oplimization of a dosage form formula-
tion. For example. a smaller particle size is desirable, if the drug is hydrophobic.
to improve the drug dissolution due to increased specific surface; however, too small
a particle size may adversely affect the powder flow and content uniformity of a
dosage form. Other derived powder properties like truc and bulk density and particle
size will play un important role in the mixing of powder hlends, prior to granulation
and compression. Powder flow is another derived property of importance. Flow of
the powder and granules can present difficulties in the manufacturing of a tablet
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dosage form, which, in turn, can affect the content uniformity of a drug and the
bioavailability.

Many processes used in the tablet manufacturing greatly influence the dissolu-
tion rates of the active ingredient. The method of manufacture, the size, the moisture
content. age and the flow property of the granules, the order of mixing of ingredients
during the granulation. as well as the compression force employed in the tableting
process, all contribute to the dissolution characteristics of the final product and,
therefore. may be the bioavailability of a drug from the finished product.

Several studies have demonstrated that the granulation process, in general,
enhances the dissolution rate of poorly soluble drugs (1). The use of diluents and fit-
lers such as starch (2), anhydrous (3) and spray dried lactose (4,5), microcrystalline
cellulose (6), and compression force, particle sive and tubricants (7) tends 10 cnhance
the hydrophilicity of the active ingredients and improve their dissolution character-
istics. Tn this regard. the wet granulation proccdure was considered a supcrior
method compared to other methods. However. newer tableting machines and excipi-
ents, accompanied by careful formulation and proper mixing sequence, will permit
preparation of tablets with good dissolution characteristics and not dictated by
the method of preparation per se.

Marlow and Shangraw (8) reported that sodium salicytate tablets prepared by
direct compression with spray dried lactose uniformly exhibited more rapid and
complete dissolution compured to those prepared by wet granulation. Furthermore,
it was reported that the presence of disintegrate in the dry compression was essentiul
for good dissotution. Finholl ¢t al. (9) reported. in a separatc comparative study. uti-
lizing phenobarbital tablets that were manufactured by both wet and dry granulation
that both procedures yielded comparable dissolution rates provided a disintegrate
was incorporated and mixed with drug before dry granilation. However, the incor-
poration of disintegrate following the dry granulation of a drug resulted in slower
dissolution rates. . :

In the manufaciuring of tablets by the conventional wet granulation method,
there are many independent factors that affect the property of granules and, there-
fore, the dissolution rate. Recent advances in granulution technology and the
employment of high-shear mixers and fluid bed granulating equipment have helped
10 identify scverat critical in-process variables. The systematic control of variables
such as the typeand time ‘of mixing of the granulcs. tiitie and temperature of drying;
blending time with lubricant, age of the granules. moisture content of the granules at
the time of compression. and the tablét crushing strength are of importance to ensure
the consistency in the dissolution and. hence. bicavailability.

In early studies on the physics of tablet compression. Higuchi et al. (10) recog-
nized the influence of compressional forces employed in the tableting process on the
apparent density. porosity, hardness, disintegration time. and average particle size of
the compressed tablets. Hardness is a measure of resistance of a dosage form to the
mechanical deforming. 1t is u function of high compression forces used in the man-
ufacturing, and it may change with the aging of granules. Higuchi et al. (10) reported
a lincar relationship between hardness and the logarithm of the compressional force,
and the specific surface of the compressed tablets was found to undergo marked
changes during thc compressional process. The high compression may increase the
specific surface und, hence, may enhance the dissolution. On the other hand, the high
compression may also inhibit the wettability of a tablet due to the formation of
a firmer and more effective scaling layer of the lubricant due to high pressure and
temperature that accompany a strong compressional force. Levy et al. (2) reported
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that salicylic acid 1ablets, when prepared by double compression, showed an jncrease
in the dissolution with an increasc in the pre-compression pressure duc to fracturing
of drug particles at higher pressure. The higher compression may also produce
slower dissolution, at least in the initia} period, due to an increased difficulty of fluid
penetration into the compressed tablets, Luzai et al. (11) and Jalsenjak (12) observed
the dissolution rate of sodium phenobarbital to be inversely proportional to the
hardnass from tablet and microcapsule. respectively.

Another important granule property that influences the dissolution of drug is
the moisture content of the granule at the time of compression. Chowhun et al.
(13-17) studied the effect of moisture content snd crushing strength on ticlopidine
hydrochloride tablet friability and dissolution. It was abserved (16) that at the moist-
ure content of 1-2%, the drug dissolution was inversely related to the tablet crushing
strength. Howcever, at the moisture content level of 3-4%, there was no clcar relation-
ship beiween the dissolution and the crushing strength.

In later studies by Chowhan et al. (14.17), it was reported that the granules pre-
pared by high-speed shear mixer were less porous than those prepared by planetary
mixer. and the porosity of the tablet may improve the dissolution of drug by facil-
itating solvent penetration provided the entrapment of air in the pores is minimized
or avoided.

In yet another important study, Levy et al. (2) studied the effect of the granule
size on the dissolution rate of sulicylic acid tablets und found that the dissolution rate
increased with a decrease in the granule size; the increase in dissolution rate, how-
cver. was not proportional to the increasc in the apparent surface arca of the gran-
ules. Furthermore, it was also reporied that the dissolution rate deereased
significantly with the increase in the age of the granules.

The chemical components of the formulation have also been shown to prolong
disintegration time. which subsequently affect the drug dissolution and bioavailabil-
ity. Tnert fillers have been found to potentiate the chemical degradation af active
ingredient causing alteration in the disintegralion and dissolution time of compressed
lablets to change with storage.. Alam and Parrott (1) have shown that hydro-
chiothigzide tablets. granuluted with acacin und stored ut temperatures ranging from
room temperature to 80°C increased in hardness with time. This was reflected in
increased disintegration and dissolution time. On the other hand, tablets granulated
with starch and polyvinyipyrrolidone did not show any change in disintegration and
dissolution time,

3. CONCLUSION

Drug availability following the oral dosing may be thought of as the result of the
following steps:

L. Gerting the drug into solution.

2. Moving the drug molecules through the membrane of the gastrointestinal
1ract.

3. Moving the drug away from the site of administration into the general
circulation,

It is clear from the discussion that the bioavailability of drugs. particularly
poarly soluble drugs. mainly depends on the ability of the drug to dissolve at the site
of administration. The dissolution, in turn, especially from solid dosage forms such
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as tablet and capsule. depends on the powder propertics, granule propertics. and the
processing variables used in the manufacture ol the dosage forms. The granule prop-
criies and other variables. which determine and influcnce the granule properlies, will
serve as major topies of discussion in subsequent chapters. Knowledge of these fac-
tors and their role in influencing the bioavailability of a drug will allow the formu-
lators to develop an optimum drug dosage form by selecting the process and
preparation variables involved in a rational manner.
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